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1. Introduction 
The basic strtxcture o f  chromatin appears to consist 
o f  a string o f  repeating units called nucleosomes [ 1 ] 
which contain two molecules each of  the histones 
H2A, H2B, H3 and H4 and about 200 base pair~ of  
DNA [2--51 . Nudeosornes which can be obtained by 
brief  digestion o f  chromatin with mic~ococcal 
hue[ease, have an average diameter o f  1 ~.? ~ and 
sediment at 11 S in isokinetic density gradiet. : ~6]. 
The availability o f  specific antisera to the dL'¢erent 
histones raises the possibility of  studying the topog- 
raphy o f  the nudeosome by immunochemical 
methods [7].  I f  the antigenic determinant regions o f  
histones could be located [8--10] and the corre- 
sponding antibody fractions prepared, it may become 
possible to determine the precise orientation o f  partic- 
ular histones within the nucleosome. We now report 
on the location o f  one antigenic determhwmt in
histone H2B of  calf thymus, and illustrate the use o f  
purified FI2t~, H3 and H4 antibodies for elucidating 
the surface structure o f  nucleosomes_ 
2. Experimental 
Calf thymus histories H2D and H4 were isolated 
as described [11~. H2B was further purified on a 
100 )< 1.6 cm Sephadex G-100 column. Various 
fragments o f  H2B were obtained by cleavage with 
dilute HCI [12] ,  cyanogen bromide [13] and 
Stgphy!ococ~z~ aureus protease [14] and were 
purified by gel f'fltration and CM cellulose chromatog- 
raphy. I-~stone H3 ~¥om chicken erythroeytes was 
purified as described [15].  The purity o f  the histones 
and H2B £~agments was ascerta~ned by polyacrylamide 
gel electrophoresis [ t6]  using 50--100/~g samples, 
as well as by N-terminal analysis [17].  
Antibodies to H2B, H3 and H4 were obtained in 
rabbits [18].  Complement fixz.tion tests were per- 
formed as described [19].  The antigenic activity o f  
H2B fragments was tested by determining the ability 
o f  the pepfides to inhibit complement fixation [9].  
Specific H2B and H3 antibodies were isolated from 
antisera, using columns o f  CH--Sepharose 4B (Phar- 
macia, Uppsala) to which the homologous histories 
were coupled, at pH 4.5, with 1-ethyl-3-(3-dimethyl- 
arainopropyl) carbodiimbSe kydrocldoride (Merck, 
Darmstadt) [20].  Specific H4 antibodies were puri- 
fied on a column of  AH--Sepharose 4t~ to which 
H4 had been coupled. Antibodies were eluted from 
the immunoadsorbent coiumns with 0.1 M ~yc ine-  
HC[ buffer, pH 2.g, cont~Jnir:g 05  M NaCI, dialysed 
against phosphate buffered s~li_ne pH 7.2 and concen- 
trated to the ori~nal volume of  antiserum. 
Nucleosomes were prepared from rat liver nuclei 
by digestion with t 50 units/ml micrococcal nuclea~ 
(Boehringer, Mannheim) using 6 rain incubatiort at 
37°C [6] .  Digested chromafin (0.5 ml contain-;ng 7.0 
Az~o units) was layered on isokinetic sucrose gradients 
[2!~ wluch were then centrifuged for 27 h at 27 000 
rev/min at 4°C in a iBecP~nan SW27 rotor [22].  
Fractions were collected t~y upward displacement of  
the conter~ts o f  centrifuge tubes and monitored by 
measuring A2.~4 in an ISCO model 640 fractionat~r 
(~SCO, Lincoln, Nebraska). The nucleosome monomer 
fraction [6] was collected and dialysed overnight 
against 1 rnM EDTA, pH 7.0 [22].  Purified nucleo- 
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some~ were allowed to react with [:reparations of  the 
variot s histone antibodies and the mixtures were 
centrifuged for 27 h at 27 0O0 rev/min u~ng the same 
isoki_netic gradients as before. 
3. Re.,;ults and discussion 
Co~,_~plement fixation results obtained with anC- 
H2B and anti-H3 sera used in this work are showr, in 
rigA. Fhe specificity o f  ~he antisera to each hi~,one 
is demonstrated by the absence of  any cross-reactivity 
: with the other two histone antigens. By comparing 
the ability o f  various c2eaved peptides o f  H2B to 
inhibi: corn 91ement fixation in the H2B-anti H2B 
~ysten:~, it was found that the region corresponding 
to residues 36--50 possessed considerable antigenic 
activity. This pept~de was used to prepare an immuno- 
adsor~,ent column_ 
The activity o f  specific antibody fractions eluted 
from the immunoadso~bent columns was determined 
by cor~plement fixation tests. The results presented 
in fig.2 indicate that ali the anti-histone antibodies 
present in the different antisera were able to bind to 
A g =8o-  
°. /  ,, 
"~ ~O-  
e_~ 40-  
~" 2o-  B ~ e  
1 2 4 
Ng Ar~T~GE~ 
Fig. l .  Cc mLglement fLxation o f  a_nti-histone sera with homolo -  
gous and he:terologous histones: (~-®) H2B; (A_~) H4; 
(~-e) Hi. (A) Anti-H2B serum diluted ~ 30-fold. (B) Anti-H3 
serum diluted 300-fold. 
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Fig.2. Complement  f-L~ation of  purif ied ant i -histone ant ibodies 
with homologous  histories: (o--o) Ofigin~d antisera prior to 
immunoadsorpt ion ;  (.m_=) Ant ibody fractions purif ied by 
immunoadsorption; (A-~) Fractions of antfsera which did 
net bind to the Seph~ros¢ column. (A): (o-o) Anti-H2B 
selum diluted 1:600; (=-=) anti-E2B antibody, 1:250; 
(A--A) non-specific fraction from anti-H2B serum. The 
antigen was the homologous  hL~tone H2B. (B): (e--o)  Ant i -  
H2B senam 1:600; (=--=) antibodies,  1:250, absorbed on 
H2B pept ide 36-50 attached to Sepharose co lumn and e!uted, 
at pH 2.8. (C): (¢-®) Anti-H3 serum, 1:300; (=-=) anti-H3 
antibody, 1:100. (D): (®-e) Anti-H4 serum, 1 :SU0; (=-=) 
anti-H4 antibody, 1: 150. 
the homologous histone-Sepharose co|umns. Tile 
total antibody activity that could be eluted from the 
various columns, at pH 2.8, represents about 60V, o3f 
the activity that was present in the original antisera 
(fig.2). In the case o f  the immunoadsorbent coh~mn 
prepared with H2B peptide 36-50  (fig.2B), only a 
small fraction of  the total H2B antibodies was bound 
and could be eluted, at pH 2.8. The activity of  the 
antibodies purified by immunoadsorot ion was also 
checked by recycling a small fraction of  the purified 
antibody a second time through the immunoadsorbent 
columns. It was found that =!.9-50% o f  the soluble 
material present in these antibody preparations was 
no longer capable o f  bLnding to histories. Presumably 
this is due to denaturation of  IgG on exposure to 
acid pH [23,24],. 
Following density gradient fraetionation of  the 
rat liver chromatin digest, a regular ser~es o f  five 
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resolve<, peaks was obtained (fig.3A). Similar patterns 
have be>,n described [6,22] which showed that the 
peaks correspond to nucleosome monon-,efs, directs, 
trimers etc. When the monomer fraction was collected 
and sublnitted to a second cycle o f  gradient centri- 
tugation no contamination with any polymers was 
visible (fig.3B). All nucleosome preparations used in 
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Fig.3.  I sok ;~et ic  sucrose grad ient  ana lys is  o f  nuc leosome 
preparat ioxts,  fonowing  incubat ion  w i th  pur i f ied  ant i -h is tor ic  
antibodies. The  molar ratio of nucleosomes to antibody in 
the incubation mL~tures i  indicated on each dia~am. Samples 
(0.5 ml )  were  layered  on  3fl ml  tubes  and  cent r i fuged  for 27 h 
at 27 000 rev]min at 4°C. (A) Digested chromatin (0.5 ml 
containing 7.0Ax6 o units) showing n~c~eosome ono:nezs 
(11 S), dimexs (16 S), trimers etc. (B) Purified nucleosome 
monomers  (1.8 Arc  o UnitS) .  (C )  Nuel~eosomes + H3 a1~tibodies. 
(D) H3 antibodies. (E) H2B antibodies. (F) H2B antibodies. 
(G) H2B antibedies. (H) H2B antibodies. (l) H2B (peptide 
36-50) antibodies. O) H2B (peptide 36--50) antibodies. (K) 
[{4 antibodies. (L) H4 antibodies. 
subsequent binding tests with antibodies howed 
sedimentation patterns imilar to that o f  fig.3B. 
Tc study their antigenic properties purified 
nuclesomes were mixed in various molar ratios with 
different antibody preparations and were incubated 
at 37°C for 30 rain. The mixtures were then subnfi:ted 
to gradient centritugation and the results are pre- 
sertted in f ig.3C-L.  
When used  in  nuc leosome to  ant ibody  molar  
ratios o f  1:1, 1:10 and 1:20, purified H3 and H4 
antibodies did not affect the nucleosome sedimenta- 
tion pattern (fig.3C,D,K,L). The inability of  the H3 
and H4 -~ntibodies to bind to the surface of  nueleo- 
some~ -a,~ confirmed when total anti-H3 and anti-H4 
~obulins (prepared by precipitation from antiserum 
with ammonium sulphate) were used instead of  
purified histone antibodies. These globulins were also 
found not to affect the mzcieosome sedimentation 
pattern. 
Since the histone antibodies were obtained from 
animals immu~dzed with histone--RNA complexes 
[18],  it could be argued that some antibodies to 
conformationat determinants present in such com- 
p!exes cannot be absorbed by ~pharose--histone 
columns and cannot react with uncomplexed histone 
molecules. The negative recurs obtained with total 
H3 and I-I4 globulins indicate, however, that tke 
absence of  binding to the nacleoso-ne surface is 
probably not caused by  conformational chartges 
related to nucleic acid binding. On the other hand 
the possibflffy cannot be excluded that the quater- 
nary structure arising from histone-histone inter- 
action within the nucleosome generates novel confor- 
mational determinants ab,;ent in the histone mono- 
mers. Convincing evidence: exists for the presence of  
such new determinants or neotopes in the quaternary 
structure of  viral capsids f25 -28] .  It is also possible 
that the absence of  :reactive antigenic determinants of
H3 and [-[4 at the surface of  nucteosomes reflects the 
central position o f  the arginine-rich istones in a 
'kerneF surrounded by DNA coils [29,30].  
Anti-H2B antibodies were found to markedly affect 
the sedimentation pattern o f  nucleosomes. At a 
nucleosome to antibody molar ratio of  16:1 (i.e., with 
320 times less antibody than was used in fig.3D) 
a second peak caused by nucleosome dimers bridge:i 
_through one IgG molecule was visible (fig.3E). This 
peak has a sedimentation rate intermediate between 
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n~cleosomes dimers and tr imers (f ig.3A). With increas- 
ing quant i t ies  o f  ant i -H2B ant ibody ,  the direct peak 
enlarges ( f i$3F - - f l ) .  At  molar  ratios o f  4 : i  and 
1:1, a shoulder of  13 S is visible, which probably 
corre~i md~ to a single monomer--lgG complex. Anti- 
riL~ ~:~/mlins affected the nucieosome sedimentation 
patten~ l the same way as puri f ied H2B ant ibodiez.  
Ant ibodies  pecific for pept ide 36- -50  o f  H2B 
were also found to bind to ntteleosomes (fig.3I,J). 
This su~ests that this region of  the H2B molecule ~s 
situated at the nuc leosome surface and is not  involved 
in DNA--histor,  e or h is tone- -h is tone interact ions.  
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